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Abstract 
SnO2 chemical sensors were fabricated by two different methods. The first one was based on contacting individual 
nanowires by in situ nanofabrication in a Focused Ion Beam (FIB) microscope. The second one, the traditional sol-
gel method, was based on tin dioxide nanopowder thermal agglomeration. Both types of sensors were capable of 
detecting air-diluted H2S to the parts per million level. The responses to this gas were studied at different 
concentrations and operating temperatures, showing up reproducible characteristics. Their performances were 
discussed in relation to the accepted mechanisms for H2S sensing in n-type metal oxides. Investigations were made on 
sensitivity and device stability, demonstrating that these nanowires have some advantages in comparison with sol-gel 
sensors.
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1. Introduction 
The most popular method of MOX sensors fabrication is sol-gel process. In the last few years it 
appeared a new type of gas sensors, based on a nanowire – one-dimensional metal oxide monocrystal 
with high surface to volume ratio. Both of these sensor types have their advantages and disadvantages. A 
comparison study of sensing behaviour of devices fabricated by different methods is of interest.  
H2S is one of the most toxic gases that affects human nervous system. Detection of hydrogen sulfide is 
very important in the oil and gas fields, in agrarian and food industries, in chemistry, in medical 
diagnostics.      
2. Sensor based on individual nanowire 
2.1. Nanowire synthesis 
Gas transport method was used for SnO2 nanowires synthesis. This method is based on vapor–liquid–
solid (VLS) mechanism. Argon, saturated by water vapours, was used as an ambient. Water was used as a 
soft oxidant of metallic tin: 
 
222 22 HSnOOHSn o                                                                                                              (1) 
 
The temperature of the metal source in the special furnace (fig. 1a) was 1100oC.  
 
 
                                                      (a)                                                                                                     (b) 
 
Fig. 1. (a) Furnace, adapted for VLS synthesis; (b) SnO2 nanowires 
 
The deposition of catalyst (gold) droplets on the surface of substrate is comonly used for VLS growth. 
In the present work the nanowires were obtained onto the surface of a quartz pipe without the use of any 
impurities. Diameters of nanowires were between 15 and 150 nm (fig.1b).  
2.2. Device fabrication and measurements  
Individual nanowires were electrically contacted by direct Focused-Ion-Beam (FIB) platinum 
deposition, using a FEI Dual-Beam Strata 235 instrument combined with a metallorganic injector to 
deposit platinum (fig. 2a). Figure 2b shows a common appearence of the nanowire based device.  
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For gas sensing experiments, the device was placed in a chamber with an integrated heater; gas flow 
was regulated by mass flow controllers. A typical performance of an individual nanowire when exposed 
to H2S is shown on Fig. 3. Gas concentration was detected at the highest values in a reproducible and 
well-controlled way. This sensing behavior is explained by the H2S reaction with oxygen adatoms and the 
interaction with the SnO2 surface.  
 
 
                                       (a)                                                                                                            (b) 
 
Fig. 2. (a) Single SnO2-nanowire with a pair of platinum electrodes; (b) sensor, based on the individual nanowire in the gas 
chamber 
 
                                                             (a)                                                                                   
 
Fig. 3. Sensor, based on the SnO2 nanowire (t=200oC). 
3. Sensor fabricated by sol-gel method 
Excess of hydrogen peroxide was added to the solution of tin acetate (II) in glacial acetic acid: 
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Addition of small amount of ammonia led to the formation of Į-tin acid sol: 
                                                                           
                                                 (3) 
                                                                           
Sol was precipitated by centrifugation. Tin dioxide nanopowder was formed as a result of tin acid 
calcination: 
 
OHSnOSnOH 2232 o                                                                                                                    (4) 
 
Average grain size amounted to about 5 nm. The obtained nanopowder was mixed with glycol to 
obtain a paste, which was deposited onto a dielectric substrate with platinum electrodes.  
 
Fig. 4.  SnO2 nanowire (1), undopped sol-gel SnO2 (2), sol-gel SnO2 with 3 % CuO (3). 
4. Conclusions 
Performance of both single nanowire devices and sensors produced by sol-gel method was investigated 
at the same temperature (200oC). Saturation determining hydrogen sulfide by sensor based on individual 
nanowire was observed (fig.4). On the other hand, sensors fabricated by sol-gel method of undopped tin 
dioxide showed lower responses in comparison with the single nanowire approach.  It was found that 
sensors doped with copper oxide exhibited a higher sensitivity. Therefore, it was concluded that the 
controlled doping of the nanowires with copper oxide is a valid strategy to enhance their H2S sensing 
characteristics. 
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